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d Service de réanimation médicale, CHU de Clermont-Ferrand, 63000 Clermont-Ferrand, France
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p Service de réanimation, hôpital Gabriel-Montpied, CHU de Clermont-Ferrand, 58, rue Montalemberg, 63003 Clermont-Ferrand, France
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Fig. 1. Acute kidney disease: from attack to dysfunction.
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1. Introduction

Acute kidney injury (AKI) is a syndrome, which has progressed a
great deal over the last 20 years. The decrease in urine output and
the increase in classical renal biomarkers such as blood urea
nitrogen (BUN) and serum creatinine have been largely used as
surrogate markers for decreased glomerular filtration rate (GFR),
which defines AKI. However, using such markers of GFR as criteria
for diagnosing AKI has several limits including the difficult
diagnosis of non-organic AKI, also called ‘‘functional renal
insufficiency’’ or ‘‘pre-renal insufficiency’’. This situation is
characterized by an oliguria and an increase in creatininemia as
a consequence of a reduction in renal blood flow (RBF) related to
systemic haemodynamic abnormalities. In this situation, ‘‘renal
insufficiency’’ seems rather inappropriate as kidney function is not
impaired. On the contrary, the kidney delivers an appropriate
response aiming to recover optimal systemic physiological
haemodynamic conditions. Considering the kidney as insufficient
is erroneous because this suggests that it does not work correctly
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whereas the opposite is occurring, because the kidney is healthy
even in a threatening situation. With current definitions of AKI,
normalisation of volaemia is needed before defining AKI in order to
avoid this pitfall.

In addition, numerous data highlight that serum creatinine
(SCr) has strong limitations which make it an imperfect surrogate
marker for assessing GFR and consequently AKI.

However, because its use has long been standardized around
the world and it is easy and inexpensive to measure, SCr remains
the dominant renal biomarker used in the current definitions of
AKI.

The literal translation between related French and English
terminologies can be confusing (Fig. 1):

� acute kidney injury (AKI) is diagnosed thanks to one clinical
criterium (urine output) and one biomarker for renal function
(SCr). Despite frequent situations in which renal parenchymal
damage is generally present, this definition is focused on kidney
‘‘dysfunction’’ (in terms of the inability of the kidney to maintain
homeostasis due to a reduction in GFR). Thus, AKI has replaced
the use of the older term ‘‘acute renal failure’’ (ARF), which
corresponds to the most severe level of AKI and is characterised
by clinically relevant renal failure;

� acute kidney damage (AKD) refers to renal parenchymal
damage that may be evidenced via histological samples or by
biomarkers of renal tissue damage but not by measures of renal
function;

� acute kidney attack refers to situations at risk of kidney injury
and kidney dysfunction. This latter situation is frequently
observed in various conditions such as in sepsis, major surgery,
nephotoxic agent administration, etc.

These different notions of acute kidney injury and damage have
emerged over the last few years, partly due to the discovery of new
biomarkers for renal function which allow clinicians to accurately
assess kidney damage, and consequently renal dysfunction, before
any subsequent change in the classical parameters of AKI.
n the perioperative period and in intensive care units (excluding
ttp://dx.doi.org/10.1016/j.accpm.2016.03.004
124)
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Table 1
Classification of AKI according to the KDIGO criteria [1].

Stage Serum creatinine Urine output

1 � 26.5 mmol/L or 1.5 to 1.9 times

baseline serum creatinine level

< 0.5 mL/kg/h for 6 to

12 hours

2 2.0 to 2.9 times baseline serum

creatinine level

< 0.5 mL/kg/h for � 12 hours

3 3.0 times baseline serum

creatinine level or serum creatinine

� 354 mmol/L or initiation of renal

replacement therapy

< 0.3 mL/kg/h for � 24 hours

or anuria for � 12 hours

The stage is determined by the worse of either the ‘‘serum creatinine’’ or ‘‘urine

output’’ criteria.
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Clinicians must know that kidney injury is not synonymous
with renal failure and that acute kidney damage and attack
develop as part of the continuum of AKI. These notions are
essential since they allow clinicians to describe the conditions in
which a therapeutic action might avoid or reduce the risk of
worsening ARF. Growing experimental and clinical research
actively seeks to assess the role of these renal biomarkers in
detecting early AKI.

2. Methodology

The working method used to elaborate these recommendations
is the GRADE1 method. Following a quantitative literature
analysis, this method is used to separately determine the quality
of available evidence on the one hand, (i.e. a confidence estimation
needed to analyse the effect of the quantitative intervention) and a
level of recommendation on the other. The quality of evidence is
distributed into four categories:

� high: further research is very unlikely to change the confidence
in the estimate of the effect;

� moderate: further research is likely to have an impact on the
confidence in the estimate of the effect and may change the
estimate of the effect itself;

� low: further research is very likely to have an impact on the
confidence in the estimate of the effect and is likely to change
the estimate of the effect itself;

� very low: any estimate of the effect is very unlikely.

The analysis of the quality of evidence is completed for every
study, then a global level of evidence is defined for a given question
and criterion. The final formulation of recommendations will
always be binary, positive or negative and strong or weak:

� strong: we recommend or we recommend not to do (GRADE 1+
or 1–);

� weak: we suggest or we suggest not to do (GRADE 2+ or 2–).

The strength of the recommendations is determined according
to key factors, and validated by the experts after a vote, using the
Delphi and GRADE Grid method:

� the estimate of the effect;
� the global level of evidence: the higher the level of evidence, the

stronger the recommendation;
� the balance between desirable and undesirable effects: the more

favourable the balance, the stronger the recommendation;
� values and preferences: in case of uncertainty or large

variability, the level of evidence of the recommendation is
probably weak, values and preferences must be more clearly
obtained from the affected persons (patient, physician, and
decision-maker);

� cost: the greater the costs or the use of resources, the weaker the
recommendation;

� the elaboration of a recommendation requires that 50% of
participants should have an opinion and that less than 20% of
participants prefer the opposite proposition;

� the elaboration of a strong recommendation requires the
agreement of at least 70% of participants.

The analysis of AKI management has been assessed according to
7 themes:

� AKI detection and diagnosis strategies;
� AKI risk assessment;
� non-specific AKI prevention strategies;
� nephrotoxic agent management;
Please cite this article in press as: Ichai C, et al. Acute kidney injury i
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� pharmacological strategies for the preventive and curative
treatment of AKI;

� AKI nutritional modalities;
� assessment of renal function recovery after AKI.

A specific analysis was performed for AKI in paediatric patients.
A total of 24 experts were separated into 9 working groups (the
paediatric experts were involved in all questions).

Publications had to have taken place after 1999 to be selected.
In case of an absence or a very low number of publications during
the considered period, the timing of publications could be
extended to 1990.

The level of evidence of the literature focused on AKI is globally
associated with a weak level of methodology. The experts were,
therefore, faced with 3 situations:

� for some questions, in the existence of several trials or meta-
analyses with an acceptable methodological quality, the GRADE1

method was totally applicable and allowed recommendations;
� when no meta-analysis was available to answer the question, a

qualitative analysis by the experts following the GRADE1

method was possible and a systematic review was performed;
� for some questions, in the absence of recent studies, no

recommendation was possible.

After a synthesis of the experts, work and, implementation of
the GRADE1 method, 33 recommendations were formally devel-
oped by the organizing committee. Among all recommendations,
9 were strong (Grade 1�), 16 were weak (Grade 2�), and for
8 questions it was impossible to apply the GRADE1 method.

All of these recommendations were submitted to a reviewing
group for a Delphi method assessment. After 2 rounds of voting and
evaluation and after various amendments, a strong agreement was
reached for 32 (99%) recommendations.

3. How to establish the diagnosis of acute kidney injury (AKI)
and its severity

R1.1 – We recommend to use the KDIGO criteria (stage 1) to

define AKI based on the presence of at least one of these

3 following diagnostic criteria: (1) an increase in serum crea-

tinine � 26.5 mmol/L within 48 hours; (2) an increase in serum

creatinine � 1.5-fold from baseline value within the last 7 days;

(3) urine output < 0.5 mL/kg/h for 6 hours.

(Expert opinion) strong agreement

R1.2 – We recommend to use the KDIGO classification to

characterize the severity of AKI, according to Table 1.

(Expert opinion) strong agreement
n the perioperative period and in intensive care units (excluding
ttp://dx.doi.org/10.1016/j.accpm.2016.03.004
)

http://dx.doi.org/10.1016/j.accpm.2016.03.004


Table 2
Diagnosis and severity criteria of AKI in paedriatric patients.

Grade Estimated plasma

creatinine clearance

Urine output

Risk Decrease > 25% < 0.5 mL/kg/h during > 8 h

Injury Decrease > 50% < 0.5 mL/kg/h during > 16 h

Failure Decrease > 75% or

< 35 mL/min/1.73m2

<0.3 mL/kg/h during 24 h or

anuria > 12 h

Loss Grade ‘‘Failure’’

persisting for > 4 weeks

End-stage

(chronic renal

insufficiency)

Grade ‘‘Failure’’

persisting for > 3 months
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R1.3 – To estimate glomerular filtration rate (GFR), we do not

recommend the use of formulas (Cockroft-Gault, MDRD, CKD-

EPI) in critically ill patients or in the postoperative period.

(Grade 1–) strong agreement

R1.4 – To estimate GFR, we suggest calculation of creatinine

clearance using the following formula: measured creatinine

clearance with the UV/P creatinine formula.

(Grade 2+) strong agreement

Rationale: AKI is a clinical and biological syndrome with
multiple causes and which includes various degree of severity from
acute kidney damage to acute renal failure. The definition of AKI
proposed in this recommendation is the international KDIGO
(Kidney Disease Improving Global Outcomes) classification
published in March 2012 [1]. As of 2015, there are no recent
studies questioning this definition and most of the available
scientific trials that have focused on AKI and ARF use the KDIGO
definition. AKI is defined by an increase in serum creatinine, which
indicates a reduction in GFR. The best way to evaluate GFR is given
by the calculated creatinine clearance using the formula UV/P (mL/
min) (U being the urinary creatinine concentration in mmol/L, V the
urinary volume expressed in ml per unit time, P the serum
creatinine concentration in mmol/L). This technique requires the
collection of at least 1 hour’s worth of urine (‘‘flash creatinine
clearance’’) [2]. Estimated creatinine clearance formulas (sMDRD,
CKD-EPI, Cockroft and Gault) must not be used because they were
developed for stable patients with chronic renal insufficiency, but
not validated in critically ill patients [2]. However, it is possible to
use them carefully during preoperative visits for surgical patients.
An accurate assessment of GFR is essential for adapting the dosing
of drugs, which are eliminated by kidney.

The KDIGO classification represents an optimised synthesis of
both pre-existing classifications (RIFLE and AKIN), which were
previously elaborated by an international expert group including
nephrologists and intensivists aiming to characterize the severity of
AKI [1,3]. Since the publication of the RIFLE [4] and AKIN [5]
classifications, a wide literature highlights that they are well
correlated with AKI severity because the resulting morbidity (risk of
requiring renal replacement therapy) [6–9], in ICU and in-hospital
lengths of stay, risk for chronic renal insufficiency development [10],
and mortality rate increase proportionally with the stage of severity
of these classifications [6–9]. Following AKI diagnosis, the determi-
nation of its severity is required for evaluating prognosis.

R1.1 Paediatrics – In paediatric patients, we suggest using the

RIFLE classification modified for paediatric patients (pRIFLE)

for diagnosing AKI: a decrease � 25% of estimated creatinine

clearance or urine output < 0.5 mL/kg/h during 8 hours.

(Expert opinion) strong agreement

R1.2 Paediatrics – In paediatric patients, we suggest evaluating

the severity of AKI by using the criteria of the pRIFLE classifi-

cation.

(Experts opinion) strong agreement

Rationale: in 2012, KDIGO recommendations for defining AKI
were formulated for both adult and paediatric patients. However,
RIFLE and AKIN criteria are not really appropriate for children as
they do not take into account the large variations in body mass
index found in these patients. Moreover, because muscle mass is
lower in children than in adults, serum creatinine values are not a
Please cite this article in press as: Ichai C, et al. Acute kidney injury i
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good marker of paediatric AKI. Consequently, a paediatric RIFLE
classification (pRIFLE) based on an estimated serum creatinine
clearance and urine output has been proposed by Akcan-Arikan
et al. in 2007 [11]. In these modified criteria, AKI is defined by the
presence of at least one of the following:

� a decrease in the estimated creatinine clearance > 25%:
� a urine output < 0.5 mL/kg/h for 8 hours.

In this classification, the estimated creatinine clearance is
calculated according to the Schwartz’s paediatric formula [12] and
is compared to the reference value of 100 mL/min/1.73 m2 if the
previous value of the patient is unknown, which is frequent in this
population. This pRIFLE classification has been subsequently
validated in various prospective studies considering children in
ICUs or those in the early postoperative period after cardiac
surgery [13]. By extension, the severity of AKI is also based on the
pRIFLE (Table 2).
4. Strategies for the early diagnosis of AKI

R2.1 – We recommend not to use renal biomarkers to diagnose

early AKI.

(Grade 1–) weak agreement

Rationale: as mentioned in the introduction, regardless of its
severity, AKI is characterized by renal dysfunction expressed by an
increased serum creatinine concentration or a decrease in urine
output. When considering pathophysiology, this phase is always
preceded by kidney attacks (of mostly haemodynamic or
inflammatory nature), which can lead to irreversible parenchymal
kidney damage and finally renal dysfunction when repeated
[14,15]. Currently, no curative strategies enable clinicians to treat
such established damage and AKI is clearly associated with an
increased independent risk of in-hospital mortality and chronic
renal insufficiency (CRI) within a few years following AKI [16–
21]. Therefore, current data strongly suggest the need to research
risk factors for AKI and to detect early kidney attack episodes
[1,22–24]. Consequently, over the last 10 years multiple renal
biomarkers capable of detecting early acute kidney attacks have
been developed. These biomarkers are essentially proteins
synthetized subsequent to renal damage.

Numerous studies have evaluated the relevance of plasma and
urinary renal biomarkers for diagnosing early AKI [1,25,26]. This
evaluation, which is still ongoing for several of them, reports
sensitivity ranging from 70 to 92% and specificity from 70 to 95%,
depending on the nature of the biomarker, the sample type
(plasma or urine) and, above all, the threshold level used to define
AKI. Cystatin appears to be a biomarker for GFR, and consequently
an earlier and more efficient functional marker than serum
creatinine. A recent meta-analysis including 19 studies and
n the perioperative period and in intensive care units (excluding
ttp://dx.doi.org/10.1016/j.accpm.2016.03.004
124)
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3336 patients, reports that plasma cystatin has a sensitivity of 71%
and a specificity of 92%, a predictive value which is higher than that
of urinary cystatin and serum creatinine [27]. Renal tubular
biomakers indicate kidney tissue damage. Among them, the most
evaluated are kidney injury molecule-1 (KIM-1), neutrophil
gelatinase associated lipocalin (NGAL), lipid acid binding protein
(L-FABP), interleukin-18 (IL-18), ß2-microglobulin and cell cycle
arrest biomarkers (insulin growth factor-binding protein 7 [IGFBP
7] and tissue inhibitor of metalloproteinase-2 [TIMP-2]). A recent
meta-analysis including 23 studies and 4512 patients showed a
moderate sensitivity and specificity for IL-18 measurements
[28]. KIM-1, which has also been evaluated in a recent meta-
analysis, seems to be an accurate biomarker for the diagnosis of
early risk of AKI [29]. As found in a meta-analysis performed in
2009, urinary and plasma NGAL determination seems to be useful
for the early diagnosis of AKI [30]. This study also demonstrated
that NGAL has a good predictive value with reference to mortality
rates and renal replacement requirements (RRT) during ICU
hospitalisation. Similar to data related to other biomarkers, this
meta-analysis confirms that NGAL measurements can be viewed as
an accurate method for facilitating the early detection of kidney
damage while no real benefit has been shown for the diagnosis of
renal dysfunction. Recently, the same authors have reported
similar results based on several prospective observational studies
leading to a cohort of 2322 critically ill patients [31]. However,
results issued from this latter meta-analysis show a high
heterogeneity between studies related to various conditions,
abnormal cut-off values and measurement timings. Both IGFBP7
and TIMP-2 biomarkers for cell cycle arrest have been assessed and
compared with other major renal biomarkers in 738 critically ill
patients at risk of AKI [32]. Results show that, in patients with
various pathologies, a combined IGFBP7 and TIMP-2 measurement
results in a higher sensitivity and specificity as compared with all
other studied biomarkers (AUC = 0.8). Moreover, the risks of death
and of RRT requirement increase with high levels of these
2 biomarkers. A recent study with a cohort of 420 patients has
confirmed that this biological tool is relevant for detecting and
diagnosing early renal damage [33].

While data largely support that these biomarkers are useful for
assessing early kidney damage and severity, the performance of
these biomarkers and their daily use raises several problems. These
various biomarkers indicate different mechanisms of injury:
ischaemia, hypoxia, cellular regeneration or cell cycle arrest. Their
syntheses are located in different sites and they are activated with
different kinetics following kidney injury [23,26,34]. Despite a
growing literature, there is no study that truly demonstrates their
utility in clinical practice for critically ill patients at risk of AKI.
Several reasons preclude the implementation of such tools in
current practice: multiple biomarkers, no real specificity, various
kinetics of synthesis, impact of the pre-existing renal dysfunction,
impact of the causal pathway leading to AKI and high costs.
Therefore, until now, there is no ideal renal biomarker and the
future use of these tools points toward combined and repeated
measurements within time (kinetics). Finally, there are no data
demonstrating the utility of such measurements for diagnosing
AKI with dysfunction, which is simply based on serum creatinine
modifications or urine output, or for its therapeutic management.

In summary, there is at this time no randomised controlled
study allowing experts to recommend the measurement of one or
several renal biomarkers in order to diagnose AKI, which is already
associated with renal dysfunction. On the other hand, the literature
gives a strong signal that these biomarkers are useful tools that
facilitate the early diagnosis of acute kidney damage, a stage which
increases both the risks of AKI and death in critically ill patients. In
light of the current context, the generalisation of such measure-
ments remains difficult, especially as concerns the need to choose
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one or several biomarkers, the clinical relevance, significance
thresholds and the timing for measurement(s), all of which are
parameters that require more knowledge according to the type of
patients.

Rationale for paediatric patients: it is not possible to directly
extrapolate results issued from studies performed on adults to
paediatric patients. Indeed, multiple parameters such as aetiology
or treatment of AKI, presence of comorbidities, and anthropomet-
ric characteristics are strongly different between paediatric and
adult patients [35]. However, prospective trials performed in
paediatric populations, especially in the postoperative cardiac
surgery period, suggest that urinary renal biomarkers could be
useful for the early diagnosis of AKI [36]. Moreover, data issued
from a prospective study in critically ill paediatric patients, have
shown that estimated GFRs based on cystatin C levels have a higher
sensitivity than those based on the usual equations using serum
creatinine [37].

R2.2 – We suggest not to use the Doppler renal resistive index

to diagnose or treat AKI.

(Grade 2–) strong agreement

Rationale: measurement of renal velocity by Doppler ultra-
sound is a non-invasive and rapid surrogate method that allows
the instantaneous assessment of parenchymal renal perfusion
[38,39]. Because of its easily accurate and repeatable measure-
ments, this approach supposedly allows the assessment of
modifications of renal blood flow in response to therapeutic
management. Therefore, the past ten years have seen considerable
growth in research on critically ill patients in order to evaluate the
performance of Doppler ultrasound during AKI. Research has been
developed in two ways.

The first research trend is focused on the use of the resistive
index as a tool for measuring intra-renal haemodynamics. A recent
experimental study reported that measuring renal blood flow
(RBF) was impossible using Doppler sonography. Indeed, there was
no relationship between measured RBF and estimated RBF by
sonographic Doppler and the time for ultrasonographic transit,
which was previously validated for regional blood flow measu-
rements [40]. The same study highlighted that the interpretation of
variations in the resistive index is difficult due to a very low
relationship between variations in RBF after various therapeutic
manoeuvres, and variations in resistive index [40]. The most
predictive parameter of 20% variation in RBF issued from the
Doppler was the variation in diastolic velocity, but the AUC was
poor (0.75) [40]. Several authors have assessed resistive index
variation in response to increasing doses of noradrenaline or ‘‘renal
low’’ dose dopamine. Results suggest that the resistive index might
be a guided goal measurement allowing the optimisation of
catecholamine doses in order to potentially improve renal
perfusion [41,42]. Finally, a further study did not find any variation
in the resistive index following an intravascular load, regardless of
pre-existing renal function and the response to this load as
assessed by a variation in the systolic ejection volume [43]. Despite
promising results, these preliminary studies show a poor level of
proof. Both the significance of resistive index variation and doubts
related to the reproduction of measurements are major limitations
for the interpretation of these results as well as for their
recommendation in daily practical clinical use.

The second renal Doppler ultrasound research trend is focused
on the assessment of renal prognosis. An observational study
including 37 patients in septic shock suggests that the resistive
index might help predict the occurrence of AKI on day 5
[44]. Several other preliminary trials also suggest that the resistive
index would allow clinicians to distinguish pre-renal (non-
n the perioperative period and in intensive care units (excluding
ttp://dx.doi.org/10.1016/j.accpm.2016.03.004
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organic) from intra-renal (organic) AKI [45–47], to predict renal
function outcome at days 3 or 5 [43,48–50], and to predict RRT
requirements [51]. Thus, these studies suggest that the resistive
index could be a tool for assessing renal prognosis with a good
sensitivity and specificity [45,47–51]. Certain studies performed
on non-critically ill septic patients (35 to 91 patients) have small
sample sizes, are mostly monocentric in nature or have poor
methodological design [45–47,49,50]. A recent study including
94 patients reported contradictory results and suggested that the
resistive index had a limited performance when used to evaluate
renal prognosis [52]. This contradictory set of results could be
explained by 2 limitations associated with this technique. The first
is the significance of the resistive index values and variations,
which remains unclear because the relationship between this
parameter and renal vascular resistances seems to be poor,
perhaps due to a large number of additional factors implicated in
AKI [38,39,53–56]. Indeed, experiments performed on models of
ex-vivo kidneys have confirmed a major role for vascular
compliance (modification in vascular diameter following changes
in pressure) or pulse pressure as a determinant of the resistive
index [54–56]. These experimental data have been recently
confirmed in kidney transplanted patients [57]. The second
limitation is the feasibility and reproducibility of measures: a
recent study confirms the feasibility of resistive index measure-
ment after a short session of education for inexperienced
intensivists, but the reproducibility between experienced and
inexperienced ones is poor with variations in the resistive index
reaching � 0.1 [50]. Taking into account the available data, this
promising technique deserves to be further evaluated and cannot be
recommended for current use.

5. How to assess the risk of AKI
Table 3
Major risk factors of AKI related to patient susceptibilities and/or to exposures in

hospitalised patients.

Underlying susceptibilities Procedures/exposures

Age � 65 yearsa

Chronic kidney diseasea

Male

Sepsisa

Haemodynamic instability

Perioperative perioda

Major surgerya (emergency,

abdominopelvic, cardiovascular,

thoracic, bleeding surgeries)

African origin

Obesity (BMI > 40 kg/m2)

Arterial hypertension

Severe burn

Severe trauma

Nephrotoxic agents (drugs,

radiocontrast agents)

Congestive cardiac insufficiency

Hepatocellular insufficiency

Severe respiratory insufficiency

Diabetes

Cancer

Anaemia

aMost important risk factors.

Table 4
Major nephrotoxic agents responsible for AKI in ICUs and in the perioperative

period.

Radiocontrast agents

Aminoglycosides

Amphotericin

Non-steroidal antiinflammatory agents

ß-lactams (interstitial nephropathies)

Sulfamides

Aciclovir, methotrexate, cisplatin

Cyclosporin, tacrolimus

Angiotensin converting enzyme inhibitors (ACE)
R3.1 – We recommend looking for risk factors of AKI related to

the patient’s susceptibilities and/or to exposures (Table 3).

(Experts opinion) strong agreement

Rationale: in hospitalised patients, all the different predictive
scores for AKI reported in the literature describe more or less the
same risk factors, which are related to patient susceptibilities and
exposures. However, the weight of each of risk factor differs
according to the type of patient and the surrounding procedures.
The greater the number of risk factors, the greater the risk of AKI.
The 2 most important risk factors related to patient susceptibilities
are age and pre-existing chronic kidney disease. The age threshold
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above which the risk is present varies in the literature, from 55 to
65 years old, according to the context. Among procedure-related
risk factors, the most frequently found are sepsis and surgery, or
even better the perioperative period [15,58,59]. The aim of this
chapter is neither to supply an exhaustive review of these
predictive scores [15], nor to create a global score for all patients
and all procedures. For example, it has been shown that prolonged
extracorporeal circulation (over 2 hours) is a major risk factor for
AKI during cardiac surgery. Ketherpal et al. [59] defined a score
(‘‘Acute Kidney Injury Risk Index’’) designed to predict the
development of AKI after non-cardiac major surgery. This score
is based on the attribution of points for each of the 9 risk factors as
follows: age � 56 years, male sex, congestive cardiac insufficiency,
ascitis, arterial hypertension, emergency surgeries, intraperitoneal
surgery, chronic renal insufficiency (preoperative serum creatini-
ne � 1.2 mg/dL), diabetes (oral or insulin treatments). The ROC
curve associated with this score was 0.80 � 0.02. The incidence of
AKI increased from 0.2% in patients with 0–2 risk factors to 9.5% in
those with more than 5 risk factors, and this incidence increased with
the number of risk factors.

Table 4 summarizes the major nephrotoxic agents that are most
frequently used in ICUs and during the perioperative period
[60,61]. Among them, some could be replaced by non-nephrotoxic
agents or administered using associated preventive measures (see
the corresponding chapters).

The identification of patient exposure to nephrotoxic agents/
procedures is essential for correctly adjusting patient monitoring
and management. In high-risk situations, the close monitoring of
urine output and serum creatinine in ICUs would help assess the
evolution of renal function and the efficiency of strategies for
preventing AKI (see corresponding chapters). If AKI occurs, the
same type of measures will continue in order to limit a worsening
of function and avoiding the further compromise of renal recovery.
R3.2 – In high-risk situations, we suggest monitoring urine

output and serum creatinine to detect the development of AKI

and apply the appropriate preventive measures.

(Experts opinion) strong agreement

6. Strategies for the non-specific prevention of AKI

R4.1 – We recommend not administering hydroxyethylstarch

(HES) in the ICU.

(Grade 1–) strong agreement

R4.2 – We suggest the preferential use of crystalloids instead of

colloids for fluid loading.

(Grade 2+) strong agreement

Rationale: several randomised or observational studies and
meta-analyses have examined the beneficial effect of a preferential
n the perioperative period and in intensive care units (excluding
ttp://dx.doi.org/10.1016/j.accpm.2016.03.004
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administration of colloids compared to crystalloids [62–73]. In the
ICU, the use of hydroxyethylstarch (HES), regardless its type, has
been reported to be associated with an increase in mortality rate, AKI
incidence and the need for RRT in several meta-analyses with a high
level of proof [58–71,73]. A Cochrane meta-analysis simultaneously
considering all colloids did not find any beneficial effect associated
with the preferential use of colloids, regardless of nature, compared
with crystalloids. The same study reported an increased risk of death
related to HES administration [72]. Only one recent randomised
controlled study suggested a decrease in 90-day mortality
(secondary endpoint) associated with fluid vascular loading
performed with colloids, the absence of deleterious effects in terms
of 28-day outcomes (primary endpoint) and the absence of a higher
risk of AKI (secondary endpoint) [15]. However, in this study,
judgement criteria in favour of colloids were secondary in nature
and the weakness of the benefit led the authors to consider their
results as investigational only [15]. Therefore, these results cannot
justify preferential use.

A recent meta-analysis performed during the perioperative
period, including several studies with low levels of proof, did not
find any effect of fluid solution on AKI occurrence [74]. The low
prevalence of AKI in this population, and thus the low power of
studies considered in this meta-analysis make it difficult to
interpret this result [74].

In terms of fluid and sodium balance or haemodynamic stability,
the benefit of colloids seems limited. Indeed, in two trials with a high
level of proof for assessing efficiency of fluid balance and vascular
load, a limited difference in favour of HES was found. In Myburgh’s
et al. trial [63] the difference in terms of fluid balance on day
4 corresponded to 61 mL (982 � 1069 versus 921 � 1161, P = 0.03).
Guidet et al. [67] found that the difference in fluid vascular load was
331 mL (1709 � 1164 mL versus 1379 � 886 mL, P = 0.02). However in
this latter study, fluid balance was similar between both groups on day
4 (56.6 mL/kg versus 55.8 mL/kg).

On October 11th, 2013, the European Agency for Medicines
(EMA) made public its conclusions concerning the administration
of HES [75]: HES must not be used in septic, critically ill or burned
patients. Their administration remains possible in case of
haemorrhage shock when crystalloids are not sufficient (for a
period not exceeding 24 hours, and in association with renal
function monitoring for 90 days).

R4.3 – We suggest preferring balanced solutions in case of

large fluid vascular loading.

(Grade 2+) strong agreement

Rationale: at this time there are no randomised studies
demonstrating any beneficial effect in terms of mortality when
solutions with a low chloride concentration are preferentially
administered in critically ill patients or in the perioperative period.
However, experimental data show that hyperchloraemia may
cause renal vasoconstriction in a manner proportional to severity
[76–78]. One clinical trial has found that an infusion of 2 litres of
0.9% saline is associated with a decrease in cortical renal perfusion
(assessed by magnetic resonance imaging) as compared with an
infusion of balanced solutions in healthy volunteers [79]. All data
issued from observational cohort studies with or without
propensity scores and matching on large samples, highlight the
deleterious effects of non-balanced solutions, especially on the
kidney [80,81]. Three recent, large, observational trials show that
volume loading with 0.9% NaCl is associated with increased
morbidity, especially for kidney dysfunction, as compared with
volume loading using balanced solutions [82–84]. In an observa-
tional study including 30,994 patients with abdominal surgery,
Shaw et al. [82] found that patients receiving 0.9% NaCl compared
to those receiving balanced solutions had a higher rate of
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postoperative complications and RRT requirements (4.8% versus
1%, P < 0.05). Similar results have been found in the sequential
observational study performed by Yunos et al. [83] in critically ill
patients. In a cohort of 5000 surgical patients matched with a
propensity score, McCluskey et al. [84] also found that hyper-
chloraemia was an independent risk factor for postoperative
AKI. However, there is currently no real randomised controlled
trial that confirms these data and results concerning mortality
remain uncertain [82,85]. A recent meta-analysis including more
than 6000 patients concluded that the use of crystalloids rich in
chloride increases the risk of AKI and blood transfusion, without
affecting mortality rates as compared with balanced solutions
[86]. Finally, considering these data, we consider non-balanced
solutions as potentially deleterious, especially for kidneys, and
suggest minimizing their use especially for large volume
resuscitation [87].

R4.4 – We recommend maintaining a minimal level of mean

arterial pressure (MAP) between 60 and 70 mmHg to prevent

and treat AKI.

(Grade 1+) strong agreement

R4.5 – We suggest considering that patients with chronic

arterial hypertension require a MAP target > 70 mmHg.

(Grade 2+) strong agreement

Rationale: the optimal level of MAP during AKI has been rarely
assessed. Because a MAP level of 65 mmHg is a survival factor in
critically ill patients [88], especially during sepsis [89–91], this
value is usually considered as the lowest acceptable level required
for maintaining renal perfusion during AKI [92]. A diastolic arterial
pressure < 50–55 mmHg is associated with an increased AKI
occurrence during septic shock [93,94]. Because the threshold for
renal autoregulation may be higher in the elderly and patients with
a cardiovascular history, the requirement of maintaining MAP
above a 65 mmHg threshold is frequently questioned for these
patients. In terms of mortality, a recent multicentre randomised
trial showed that a level of 80–85 mmHg had no beneficial effect
compared with a level of 65–70 mmHg [95]. Two observational
studies with a short follow-up (24 hours) found no benefit for
kidney function between a MAP of 65 mmHg versus 85 mmHg
[96,97]. However, several studies suggest that a MAP above
65 mmHg may be beneficial for the management of AKI
[92,95,98]. In a randomised trial performed with 776 patients
with septic shock, a MAP level of 80–85 mmHg (versus 65–
70 mmHg) was associated with a decrease in the risk of RRT
requirement in patients with chronic arterial hypertension, while
mortality rates were similar in both groups [95]. During AKI, a
retrospective study with a cohort of 274 patients with sepsis
suggested that a MAP < 75 mmHg predicts the need for RRT
[98]. In a retrospective trial including 423 patients, a level of
MAP < 75 mmHg was associated with an increase in AKI severity
during septic shock [92]. These data underline the need to
personalize the MAP threshold for each patient and to allow a MAP
of 75–85 mmHg in patients suffering from persistent renal
dysfunction despite an appropriate fluid load and a MAP of
65 mmHg.

In an observational study including 33,300 patients with non-
cardiac surgery, a MAP < 55–60 mmHg was associated with an
increase in postoperative AKI [99]. In cardiac surgery, a MAP under
50 mmHg was associated with an increased rate of postoperative
AKI, whereas a MAP of 60–70 mmHg was a protective factor
[100]. In the same context, a 26 mmHg decrease in MAP was
associated with a higher rate of AKI after cardiac surgery [101].
n the perioperative period and in intensive care units (excluding
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R4.6 – We recommend monitoring and optimizing systolic

ejection volume or derived parameters during the periopera-

tive period in order to guide vascular fluid loading.

(Grade 1+) strong agreement

R4.7 – We suggest applying the same recommendations in the

ICU.

(Grade 2+) strong agreement

R4.8 – After haemodynamic stabilisation, we suggest avoiding

fluid overload in the ICU.

(Grade 2+) STRONG agreement

Rationale: in the perioperative period, regardless of the type of
surgery, intraoperative haemodynamic optimisation aiming at a
cardiac index threshold of 4.5 L/min/m2, an oxygen delivery of
600 mL/min/m2 or an oxygen consumption of 170 mL/min/m2,
allows clinicians to limit hypovolaemic episodes and consequently
reduces the risk of postoperative AKI [102,103]. These goals can be
reached using a pulmonary arterial catheter, oesophageal Doppler
or devices using arterial pulse contour analysis. The means include
vascular fluid loading, vasopressor agents and inotropic drugs.
Similar recommendations can be made in ICUs, but the level of
proof is low.

In the ICU, fluid overload is associated with an increased
incidence in AKI and its severity, regardless of the need for RRT
[21,104–108]. An increase in weight above 10% is the most
frequently studied parameter. All studies concerning this point are
purely observational; comparative studies do not currently exist.
Despite the relationship between fluid overload and AKI frequency
and severity, there are no data demonstrating that the control of
fluid overload may have a beneficial renal effect. In other words, it
has not been demonstrated that fluid overload is the cause or the
consequence of AKI. Such fluid overload can be a simple marker of
severity and not the cause of AKI. In the perioperative period, the
control of fluid balance limits postoperative complications. During
AKI, no benefit of controlling fluid balance has been demonstrated
for kidney function [109,110].

R4.9 – We suggest using noradrenaline as a first line treatment

for maintaining MAP goals if a vasopressor drug is required.

(Grade 2+) strong agreement

Rationale: the use of vasopressors during AKI to reach or
maintain the previously mentioned MAP and DAP goals is logical
when fluid vascular load does not allow clinicians to reach them.
Several observational studies show that noradrenaline is the
vasoconstrictive agent of choice, which combines the best
compromise in term of cost, safety and ease of use [111–117]. There
is no controlled study concerning this specific point. Terlipressin
may be an alternative to noradrenaline in the absence of coronary
artery disease [118,119]. Vasopressin has been used in rare cases,
but the low sample size of these studies does not allow particular
recommendations.

R4.10 – We suggest not delaying any additional exams or

potentially nephrotoxic agent administration if they are needed

to manage the patient.

(Experts opinion) strong agreement
Please cite this article in press as: Ichai C, et al. Acute kidney injury i
renal replacement therapies). Anaesth Crit Care Pain Med (2016), h

sevier Masson SAS. Tous droits réservés. - Document téléchargé le 01/06/2016 par Colin Claudine (4
7. How to manage nephrotoxic agents?

R5.1 – We suggest optimizing hydration using crystalloids to

prevent contrast-induced nephropathy, ideally before contrast

media infusion and to continue this therapy within 6 to

12 hours after this infusion.

(Grade 2+) strong agreement

R5.2 – We suggest not using N-Acetylcysteine and/or sodium

bicarbonate to prevent contrast-induced nephropathy.

(Grade 2–) strong agreement

Rationale: despite a small number of studies with poor
methodology, using numerous different definitions, the incidence
of contrast-induced nephropathy (CIN) in non-ICUs varies from 2%
in patients without any risk factor [120] to 25% in those with risk
factors (chronic kidney disease, diabetes, concomitant administra-
tion of nephrotoxic agents) [121]. In the ICU, according to the
definition used, this incidence varies from 16% to 31% [122–
125]. Several other risk factors for kidney injury are usually
concomitantly found in critically ill patients (hypotension, sepsis,
nephrotoxic drugs), making it difficult to consider contrast media
directly and solely responsible for AKI. Thus, most studies evaluate
postoperative cardiac surgery patients or cardiology patients, but
there are few trials available in critically ill patients.

The available studies considered in a large number of meta-
analyses, which are unfortunately heterogeneous and for the most
part poorly conducted (especially as concerns older studies), lead
to conflicting results [126–131]. Moreover, in more recent meta-
analyses positive results favouring N-acetylcysteine (NAC) are
demonstrated only when they include published trials. When
considering all studies, especially unpublished ones, this favou-
rable result disappears [128,132]. Alkalinisation with sodium
bicarbonate has been proposed for the prevention of CIN. Two
recent meta-analyses have found a beneficial effect associated
with sodium bicarbonate in terms of a decrease in AKI incidence,
whereas there was no effect on the need for RRT and in-hospital
mortality [130,133]. Two recent prospective randomised trials did
not confirm these later results. The first one demonstrated that
hydration with 0.9% saline was associated with a lower decrease in
GFR and a lower incidence of CIN as compared with sodium
bicarbonate (1% versus 9%, P = 0.02) [134]. In the second study, the
results found that there was no difference in the incidence of CIN
between 0.9% saline and sodium bicarbonate (3% versus 5.1%,
P = 0.23) [135]. Currently, if though sodium bicarbonate may be a
satisfactory alternative to 0.9% saline, there is still no proof of any
advantage associated with such a preventive strategy. Other drugs,
which have been assessed have never shown any undisputable
positive effect and cannot be recommended [136,137]. Finally,
fluid vascular loading seems to be the most efficient prophylactic
management [138,139]. Such a strategy minimizes risk exposure
when considering that a limited volume of fluids is needed in this
indication (about 1000 to 1500 mL within several hours) and will
not have deleterious consequences, except for patients with
cardiac insufficiency or fluid overload. Moreover, the expected
benefit in terms of decreased incidence of AKI following the
procedure should maintain sufficient urine output to allow rapid
body water elimination.

Finally, fluid vascular loading before procedures seems to be the
most efficient preventive treatment for CIN with a largely positive
n the perioperative period and in intensive care units (excluding
ttp://dx.doi.org/10.1016/j.accpm.2016.03.004
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benefit/risk ratio, provided one is careful in patients at high-risk of
decompensation following moderate fluid infusion.

R5.3 – We suggest administering aminoglycosides when nec-

essary with respect to the following rules:

� administer them with single dosing per day;

� monitor their residual level in case of more than a single

infusion;

� administer them for a maximum of 3 days whenever

possible.

(Grade 2+) strong agreement

R5.4 – We suggest not using non-steroidal antiinflammatory

drugs (NSAIs), converting enzyme inhibitors (CEIs), and an-

giotensin 2 receptor antagonists in patients at risk of AKI.

(Experts opinion) strong agreement

Rationale: Studies showing renal and ear toxicity associated
with aminoglycosides are old and based on a design of twice-
daily administration without any consideration of residual
serum concentration levels [140–142]. More recent studies
have shown that toxicity was essentially related to high levels of
residual serum concentration of the drug (more than 20 hours
after infusion) while the peak concentration (measured half
hour after infusion) was the parameter responsible for efficiency
[143–150]. Current recommendations are based on these later
trials, favouring a high peak serum concentration using high
doses of aminoglycoside as boluses and close monitoring of
residual serum concentrations to avoid renal toxicity. In
practice, the determination of peak serum levels performed
30 minutes after the infusion of aminoglycosides should be
used, and then the following dose should be adapted in order to
reach the recommended threshold. For the problem of toxicity, if
the aminoglycoside is used for several consecutive days, the
evaluation of the residual serum level 24 hours after its
administration should be performed before infusing a new
dose, provided the serum concentration is below the recom-
mended threshold. Moreover, it has been shown that prolonged
exposure increases the occurrence of AKI, explaining the reason
for limiting the duration of treatment to 3 days. Such a strategy
allows clinicians to be efficient during the acute phase of sepsis
while limiting toxicity [144]. This limitation does not apply to
endovascular and osteoarticular infections with material, as well
as endocarditis. In these latter situations, the prolonged
administration of aminoglycosides over several days or weeks
may be needed. Nevertheless, there is no study assessing the
recommended usual strategy in these conditions. This recom-
mendation is an expert opinion issued from results based on
older studies evaluating toxicity.

Despite the absence of randomised controlled studies evaluat-
ing the cumulative use of nephrotoxic agents, studies with cohorts
of patients and those evaluating toxicity show that the association
of several nephrotoxic risk factors, especially the accumulation of
several nephrotoxic drugs, exponentially increases the risk of AKI
[60,61]. This should be taken into account when choosing drugs for
patients at risk of AKI by considering their indications and
favouring essential drugs. For example, non-steroidal antiinflam-
matory agents should be avoided in patients treated with both
aminoglycosides and glycopeptides. Only essential drugs and
alternative strategies should be favoured for decreasing nephro-
toxicity [151–153].
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8. Pharmacological strategies for the preventive and curative
treatment of AKI

R6.1 – We recommend not using diuretics in order to prevent or

treat AKI; we suggest using them for treating fluid overload.

(Grade 1–) strong agreement

Rationale: AKI is a frequent organ failure in the ICU and during
the perioperative period surrounding cardiovascular surgery and is
associated with a high-risk of morbidity and mortality. In two
recent meta-analyses [154,155], the administration of diruretics
did not reduce the incidence and severity of AKI. For this indication,
furosemide did not demonstrate any benefit in terms of in-hospital
mortality, the need for and the number of sessions of RRT. Because
AKI with fluid overload is associated with higher mortality rates
[104,107], diuretics can be proposed for treating fluid overload.

R6.2 – We suggest not using sodium bicarbonate to prevent or

treat AKI.

(Grade 2–) strong agreement

Rationale: The prevention of AKI using sodium bicarbonate has
been performed in a randomised controlled multicentre study
(sodium bicarbonate versus 0.9% sodium chloride) with a primary
endpoint being the occurrence of AKI in the postoperative period
[156]. The results found a higher incidence of AKI in the sodium
bicarbonate group (83/174 [47.7%]) compared with the control
group (64/176 [36.4%], odds ratio [OR]: 1.60 [95% CI: 1.04–2.45],
P = 0.03). This study was stopped early because there was an
increased mortality in patients receiving sodium bicarbonate (11/
174 [6.3%] versus 3/176 [1.7%], OR: 3.89 [95% CI: 1.07–14.2],
P = 0.03). Two other recent studies performed in cardiac surgery
did not find any beneficial effect of sodium bicarbonate for
preventing AKI [157,158].

Concerning the treatment of AKI, a recent meta-analysis has
assessed the administration of sodium bicarbonate for this
indication [159]. The primary endpoint was in-hospital mortality;
secondary endpoints were the need for RRT, renal recovery and
global survival. Four studies were considered in this analysis, but
none met the predefined criteria. Consequently, taking into
account data issued from current literature, we do not recommend
the administration of sodium bicarbonate to prevent or treat AKI.

In the special condition of rhabdomyolysis-related AKI, fluid
vascular loading requirements seem to be established [160–162],
but the nature of the fluid remains in discussion. Theoretical
benefits for using sodium bicarbonate are described (inhibition of
intra-renal vasoconstriction, inhibition of lipid peroxidation and
decreases in myoglobin crystallization with Tamm-Horsfall
protein). Nevertheless, for methodological reasons (small size,
multiple interventions, non-randomised studies), the rare avail-
ability of such studies does cannot be used to confirm that sodium
bicarbonate is superior to other solutions used for vascular loading
[163–167].

R6.3 – We recommend not using the following treatments to

prevent or treat AKI: mannitol, dopamine, fenoldopam, atrial

natriuretic factor, N-acetylcysteine, insulin-like growth factor-

1, erythropoietin, adenosine receptor antagonists.

(Grade 1–) strong agreement

Rationale: mannitol has been proposed as a preventive
treatment of AKI during the perioperative period in traumatic
n the perioperative period and in intensive care units (excluding
ttp://dx.doi.org/10.1016/j.accpm.2016.03.004
)
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brain injury, in patients with rhabdomyolysis or those undergoing
coronarography. In most studies, it increases urine output while
increasing or not decreasing the incidence of AKI [168–170].

Low-dose dopamine (1 to 3 mg/kg/min) induces renal vasodi-
lation and natriuresis in healthy adults. This agent has been
evaluated as a preventive treatment for AKI in multiple clinical
situations: critically ill patients with SIRS, the perioperative period
for aortic surgery, the postoperative period following liver or
kidney transplantation. Most studies, which include a randomised,
controlled multicentre trial, a meta-analysis and a systematic
review, conclude that dopamine has no beneficial effect either in
preventive or in the curative treatment of AKI [171–173].

Fenoldopam is a dopamine-1 receptor agonist without a or b
adrenergic systemic effects. Seven studies have included
1218 patients and did not find beneficial effects associated with
the preventive or curative administration of fenoldopam as
concerns mortality and the need for RRT [174–180]. The benefit
of fenoldopam in terms of AKI occurrence is difficult to evaluate
due to heterogenous delays in administration and diagnosis
criteria among studies. Four meta-analyses are available but show
conflicting results: two of them reported a beneficial effect with a
reduction in the risk of AKI, one did not find any beneficial effect
and the last one did not analyse the risk of AKI [181–
184]. Considering current data in the literature, it is recommended
to not use fenoldopam for the prevention or treatment of AKI.

Several natriuretic peptides, which can increase GFR have been
proposed as preventive and curative therapies for AKI. Most of the
prospective randomised controlled trials and 3 meta-analyses have
not found any benefit associated with these agents [185–188].

The preventive or curative administration of N-acetylcysteine
for AKI has not demonstrated any beneficial effect concerning the
need for RRT and reductions in mortality [129,189–192]. Apart for
preventing CIN, studies were performed essentially in the
perioperative period of cardiovascular surgery.

Based on the available studies, no beneficial effect associated
with the preventive and curative administration of IGF-1 (insulin-
like growth factor-1) has been demonstrated for AKI
[193,194]. Currently, there is not enough data to recommend
erythropoietin for preventing or treating AKI [195]. Only one study
including 171 patients undergoing cardiac surgery (coronary
artery bypass graft) has shown that erythropoietin (300 U/kg)
administered before cardiac surgery for coronary artery bypass
grafts, enabled a reduction in the risk of postoperative AKI
compared with 0.9% saline solution (8% versus 29%, P = 0.03) [196].

In two pilot studies, rolofylline (an antagonist of A 1 adenosin-
receptors) versus placebo was administered in patients with acute
cardiac insufficiency [197,198]. Both found that rolofylline
increased urine output and improved creatinine clearance (versus
placebo). The largest and more recent prospective multicentre trial
(n = 2033 patients) comparing rolofylline versus placebo in
patients with acute cardiac insufficiency did not find beneficial
effect of roloffyline in terms of survival, cardiac and renal function
[199].

There are two special conditions requiring the preventive
treatment of AKI: (1) high doses of methotrexate infusion [200]; (2)
patients with a high-risk of tumour lysis syndrome. Methotrexate
at high doses (1–12 g/m2) is a treatment required for numerous
malignant tumors. This drug can induce AKI (up to 40% of patients
in a recent study), which is due to direct tubular toxicity and intra-
tubular precipitation [201]. Intravenous hydration (� 2 L/m2) and
urine alkalinization are both recommended strategies for pre-
venting AKI. Several historical observational and interventional
studies highlighted that these strategies were associated with an
increased methotrexate clearance and decreased episodes of
severe toxicity [202–205]. Urine alkalinization decreases metho-
trexate crystallization [202]. Thus, it is recommended to alkalinize
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the urine of patients who must receive high doses of methotrexate
(1–12 g/m2) in order to prevent AKI. About one third of patients
with a high-risk of tumour lysis syndrome develop AKI
[206,207]. In this clinical condition, hyperuricaemia is one of the
factors, which contributes to AKI by different mechanisms [208]. In
two randomised controlled studies and 2 recent meta-analyses,
rasburicase administration was associated with a more rapid and
profound decrease in uricaemia as compared with allopurinol
[209–211]. However, there is no proof that rasburicase is
associated with reduced AKI incidence [212]. Hyperuricaemia is
only one of the numerous mechanisms implicated in renal injury
during tumour lysis syndrome (phosphate and calcium crystals,
hypovolaemia, renal tumour infiltration, nephrotoxic exposure,
inflammation). In patients with a high-risk of tumour lysis
syndrome, rasburicase administration is proposed by four recent
expert recommendations [198,213–215].

9. Nutritional modalities for AKI

R7.1 – We suggest following the same nutritional strategy rules

in critically ill patients whether or not they have AKI (without

renal replacement therapy).

(Grade 2+) strong agreement

R7.2 – We recommend not limiting nutritional support in order

to only prevent fluid overload and/or the need for renal

replacement therapy.

(Grade 1–) strong agreement

Rationale: AKI has an impact on fluid balance and acid-base
equilibrium, but also interferes with the metabolism of each
macronutrient, generally towards hypercatabolism. Thus, the
consequences of AKI on nutrition add to those related to the
underlying pathology [216]. In patients with AKI, undernutrition is
significantly associated with a high incidence of infectious
complications, prolonged in-hospital length of stay and mortality
[18]. Nutritional evaluation is complex because normally available
markers (body mass index, impedancemetry) become inaccurate
due to modifications in hydration status [217]. Nutritional support
in injured patients with or without AKI must be similar, aiming at
an appropriate energy and protein intake, muscle mass preserva-
tion, improvement in immune function and reduction in mortality
[218]. Nutritional requirements must take into account hyperca-
tabolism related to illness and the presence or not of RRT and its
technique. These parameters, more than AKI itself, have a major
impact on nutritional strategies. Indirect calorimetry remains the
reference tool required to define patient energy requirements.
When this device cannot be used, it is recommended to provide an
energy target of 20 to 30 kcal/kg/day and a protein target of 1.5 g/
kg/day, in the absence of RRT [219]. In case of RRT, an increase in
protein supply including glutamine and micronutrients (vitamines
and trace elements) is suggested [220]. Water soluble vitamins
from the B group (especially B1 vitamins and folates) are
significantly eliminated during RRT [221].

R7.1 Paediatric – We suggest adapting protein intake according

to the age of children with AKI.

(Grade 2+) strong agreement

Pediatric rationale: KDIGO recommendations in 2012 [1] have
elaborated recommendations for the nutrition of paediatric
patients with AKI that can be followed. The authors insist on
n the perioperative period and in intensive care units (excluding
ttp://dx.doi.org/10.1016/j.accpm.2016.03.004
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the essential point for paediatric patients: i.e. the dynamics of
growth and weight gain, which justify a higher nutrition intake
than in adults. The KDIGO recommendations have proposed the
following protein intake depending on the age of children
presenting with AKI:

� 2–3 g/kg/day from 0 to 2 years;
� 1.5–2 g/kg/day from 2 to 13 years;
� 1.5 g/kg/day above 13 years.

10. How to evaluate kidney functional recovery after AKI

R8.1 – We recommend considering patients with AKI as

patients at high-risk of developing chronic renal insufficiency.

(Grade 1+) strong agreement

R8.2 – We suggest assessing renal function in patients who

presented AKI 6 months after the acute episode.

(Grade 2+) strong agreement

R8.3 – We suggest defining the absence of renal functional

recovery following AKI as follows: an increase in serum creati-

nine above 25% of its basal value or RRT dependency.

(Grade 2+) strong agreement

Rationale: severe AKI can be associated with a total or partial
absence of renal functional recovery, leading to CRI. Paediatric
studies using long-term follow-up were the first to show that
patients considered as completely recovered based on biological
data can progress towards CRI within the 3 following years in 10%
of cases [222]. An incomplete recovery can lead to a normalisation
of the usual biological parameters (serum creatinine), despite a
decreased number of nephrons. This phenomenon leads to higher
renal susceptibility in case of a new injury or during physiological
ageing.

A recent review estimates the incidence of CRI after an acute
injury at 25.8/100 patient-years and the incidence of end-stage
kidney disease at 6.6/100 patient-years [10]. Thus, it is clear that
there is a relationship between AKI and CRI. Moreover, several
studies report that there is also a relationship between the
severity of AKI and the increased risk of chronic damage with a
two-fold increase in end-stage CRI requiring dialysis at 10 years
[223]. This evolution toward CRI is associated with an increased
mortality rate. The study of Pannu et al. [224] found that as soon
as renal function recovery remains below 125% of pre-injured
serum creatinine, a nephrologic follow-up is required in order to
detect long-term poor renal functional recovery. A study
assessed 3877 patients and, among them, 1153 were followed
for 3 months by a nephrologist. This study found that these
patients had a significantly higher survival compared with the
matched control group (RR: 0.76, 95% CI: 0.62–0.93) [225]. There-
fore, a systematic follow-up by nephrologists is advised in
patients who present with AKI, regardless of their early renal
function recovery.
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[176] Bove T, Landoni G, Calabrò MG, et al. Renoprotective action of fenoldopam in
high-risk patients undergoing cardiac surgery: a prospective, double-blind,
randomized clinical trial. Circulation 2005;111:3230–5.

[177] Brienza N, Malcangi V, Dalfino L, et al. A comparison between fenoldopam
and low-dose dopamine in early renal dysfunction of critically ill patients.
Crit Care Med 2006;34:707–14.

[178] Ranucci M, Soro G, Barzaghi N, et al. Fenoldopam prophylaxis of postopera-
tive acute renal failure in high-risk cardiac surgery patients. Ann Thorac Surg
2004;78:1332–7.
Please cite this article in press as: Ichai C, et al. Acute kidney injury i
renal replacement therapies). Anaesth Crit Care Pain Med (2016), h

sevier Masson SAS. Tous droits réservés. - Document téléchargé le 01/06/2016 par Colin Claudine (4
[179] Tumlin JA, Finkel KW, Murray PT, Samuels J, Cotsonis G, Shaw AD. Fenoldo-
pam mesylate in early acute tubular necrosis: a randomized, double-blind,
placebo-controlled clinical trial. Am J Kidney Dis 2005;46:26–34.

[180] Morelli A, Ricci Z, Bellomo R, et al. Prophylactic fenoldopam for renal
protection in sepsis: a randomized, double-blind, placebo-controlled pilot
trial. Crit Care Med 2005;33:2451–6.

[181] Patel NN, Rogers CA, Angelini GD, Murphy GJ. Pharmacological therapies for
the prevention of acute kidney injury following cardiac surgery: a systematic
review. Heart Fail Rev 2011;16:553–67.

[182] Landoni G, Biondi-Zoccai GGL, Marino G, et al. Fenoldopam reduces the need
for renal replacement therapy and in-hospital death in cardiovascular sur-
gery: a meta-analysis. J Cardiothorac Vasc Anesth 2008;22:27–33.

[183] Landoni G, Biondi-Zoccai GGL, Tumlin JA, et al. Beneficial impact of fenoldo-
pam in critically ill patients with or at risk for acute renal failure: a meta-
analysis of randomized clinical trials. Am J Kidney Dis 2007;49:56–68.

[184] Zangrillo A, Biondi-Zoccai GGL, Frati E, et al. Fenoldopam and acute renal
failure in cardiac surgery: a meta-analysis of randomized placebo-controlled
trials. J Cardiothorac Vasc Anesth 2012;26:407–13.

[185] Sackner-Bernstein JD, Skopicki HA, Aaronson KD. Risk of worsening renal
function with nesiritide in patients with acutely decompensated heart
failure. Circulation 2005;111:1487–91.

[186] Nigwekar SU, Navaneethan SD, Parikh CR, Hix JK. Atrial natriuretic peptide
for management of acute kidney injury: a systematic review and meta-
analysis. Clin J Am Soc Nephrol 2009;4:261–72.

[187] Mitaka C, Kudo T, Haraguchi G, Tomita M. Cardiovascular and renal effects of
carperitide and nesiritide in cardiovascular surgery patients: a systematic
review and meta-analysis. Crit Care 2011;15:R258.

[188] Nigwekar SU, Navaneethan SD, Parikh CR, Hix JK. Atrial natriuretic peptide
for preventing and treating acute kidney injury. Cochrane Database Syst Rev
2009;4:CD006028.

[189] Adabag AS, Ishani A, Bloomfield HE, Ngo AK, Wilt TJ. Efficacy of N-acetyl-
cysteine in preventing renal injury after heart surgery: a systematic review of
randomized trials. Eur Heart J 2009;30:1910–7.

[190] Duong MH, MacKenzie TA, Malenka DJ. N-acetylcysteine prophylaxis signifi-
cantly reduces the risk of radiocontrast-induced nephropathy: comprehen-
sive meta-analysis. Catheter Cardiovasc Interv 2005;64:471–9.

[191] Ho KM, Morgan DJR. Meta-analysis of N-acetylcysteine to prevent acute renal
failure after major surgery. Am J Kidney Dis 2009;53:33–40.

[192] Nigwekar SU, Kandula P. N-acetylcysteine in cardiovascular-surgery-associ-
ated renal failure: a meta-analysis. Ann Thorac Surg 2009;87:139–47.

[193] Hirschberg R, Kopple J, Lipsett P, et al. Multicenter clinical trial of recombi-
nant human insulin-like growth factor I in patients with acute renal failure.
Kidney Int 1999;55:2423–32.

[194] Hladunewich MA, Corrigan G, Derby GC, et al. A randomized, placebo-
controlled trial of IGF-1 for delayed graft function: a human model to study
postischemic ARF. Kidney Int 2003;64:593–602.

[195] Endre ZH, Walker RJ, Pickering JW, et al. Early intervention with erythropoi-
etin does not affect the outcome of acute kidney injury (the EARLYARF trial).
Kidney Int 2010;77:1020–30.

[196] Song YR, Lee T, You SJ, et al. Prevention of acute kidney injury by erythro-
poietin in patients undergoing coronary artery bypass grafting: a pilot study.
Am J Nephrol 2009;30:253–60.

[197] Gottlieb SS, Brater DC, Thomas I, et al. BG9719 (CVT-124), an A1 adenosine
receptor antagonist, protects against the decline in renal function observed
with diuretic therapy. Circulation 2002;105:1348–53.

[198] Givertz MM, Massie BM, Fields TK, Pearson LL, Dittrich HC, CKI-201 and CKI-
202 Investigators. The effects of KW-3902, an adenosine A1-receptor antag-
onist, on diuresis and renal function in patients with acute decompensated
heart failure and renal impairment or diuretic resistance. J Am Coll Cardiol
2007;50:1551–60.

[199] Massie BM, O’Connor CM, Metra M, et al. Rolofylline, an adenosine A1-
receptor antagonist, in acute heart failure. N Engl J Med 2010;363:1419–28.

[200] Howard SC, Jones DP, Pui C-H. The tumor lysis syndrome. N Engl J Med
2011;364:1844–54.

[201] Mikkelsen TS, Mamoudou AD, Tuckuviene R, Wehner PS, Schroeder H.
Extended duration of prehydration does not prevent nephrotoxicity or
delayed drug elimination in high-dose methotrexate infusions: a prospec-
tively randomized cross-over study. Pediatr Blood Cancer 2014;61:297–301.

[202] Sand TE, Jacobsen S. Effect of urine pH and flow on renal clearance of
methotrexate. Eur J Clin Pharmacol 1981;19:453–6.

[203] Christensen ML, Rivera GK, Crom WR, Hancock ML, Evans WE. Effect of
hydration on methotrexate plasma concentrations in children with acute
lymphocytic leukemia. J Clin Oncol 1988;6:797–801.

[204] Kinoshita A, Kurosawa Y, Kondoh K, et al. Effects of sodium in hydration
solution on plasma methotrexate concentrations following high-dose meth-
otrexate in children with acute lymphoblastic leukemia. Cancer Chemother
Pharmacol 2003;51:256–60.

[205] Relling MV, Fairclough D, Ayers D, et al. Patient characteristics associated
with high-risk methotrexate concentrations and toxicity. J Clin Oncol
1994;12:1667–72.

[206] Darmon M, Vincent F, Camous L, et al. Tumour lysis syndrome and acute
kidney injury in high-risk haematology patients  in the rasburicase era. A
prospective multicentre study from the Groupe de Recherche en Réani-
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